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Abstract — This paper presents a synthetical approach for 
the design optimization and the trajectory of the robotic 
arm, angular velocity and acceleration of the robotic 
arm. The optimization of the robotic arm trajectory is a 
frequent design problem. Because of the complexity of 
this task in the past, many of the proposed approaches 
entailed only a suboptimal solution. The main problem in 
trajectory generation and tracking of robotic arm motions 
is to plan the trajectory and compute the required joint 
angles. Inverse kinematics modeling is usually adopted, 
though sometimes other approaches are needed due to the 
lack of reliability and accuracy of analytical methods. 
Due to that reason, previously, several authors have used 
evolutionary algorithms. Rana and Zalzala (1997) 
applied EA to the collision-free path planning of the 
robotic arm. In Garg & Kumar (2002), the formulation 
and application of Genetic Algorithm and Simulated 
Annealing for the determination of an optimal trajectory 
of a multiple robotic configuration is presented. 
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I. INTRODUCTION 

One of the main problems in robotics research is the 
generation of trajectories that a robot must follow and the 
computation of the joint angles required to move the hand 
to the target positions. This is usually accomplished by 
the inverse kinematics of the robotic arm, which may be 
hard to derive or may not exist at all. For real 
applications, reliability, fast response and robustness of a 
Trajectory planning is one of the fundamental issues in 
the design and development of manipulators. The 
trajectory is normally determined to satisfy a certain 
criterion optimally. Optimal performance means different 
things to different people such as 

minimum time, minimum kinetic energy, and obstacle 
avoidance. Optimization is normally performed in the 
presence of constraints. In addition to the dynamic system 
equations acting as constraints, there may be bounds on 
the inputs as well as constraints on some of the system 


constraints imposed by the manipulator itself and task 
constraints given by the task. 

The problem is how to calculate feasible trajectories from 
a given path with simultaneous utilization of the maximal 
capabilities of the robots. 

II. AN EXAMPLE OF DESIGN OPTIMIZATION 
PROBLEM 

Considering a design problem and the design 
optimization was conducted on the 5-dof robotic arm. The 
link length of the robotic arm are fixed. The trajectory of 
the end effectors in the base coordinate system is defined 
as 

X ef {t) = 50 + 400(1 - Cos(t)) ,Y ef (t) 

= -990 + 800(1 
-Cos(t/ 2)), Z ef (t) 

= 280 + 250(Cos(t/2) - 1) 

, all with unit of mm. The corresponding velocity and 
acceleration profiles of the trajectory are defined in fig. 
The Euler angles for the end effectors are given as 
[Cos(t/180); 0,0] which implies the end effectors 
remains horizontal during the prescribed motion. The 
motion of the end effectors is illustrated in figure. 
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Fig.l: Trajectory of the robotic arm. 
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The joint angular velocities and accelerations are solved 
through the given Eq. (l.l)The solved results are depicted 
in Fig. 2 and Fig. 3. The joint angular velocity can be 
calculated with the Jacobian matrix. 

o= rXf 

(i.i) 

Where 9= , 0 2 , 9 n ] denotes an n-dimensional (n 

denotes the number of dof) vector of the joint angular 
velocities, J is the Jacobian of the robotic arm, and V^the 
velocity of the end-effectors. 

j = [A ,h L] , Ji = [Zi-1 Pi- l] 

( 1 . 2 ) 

z l -i = R i -A 0 0 if. 

Pi-i = Ri-i <h-i + Pi (1-3) 

Where 1 = [aiCosdi ,aiSin6i ,di] T R t denotes the 
rotation matrix from the reference coordinate system to 
the (i-l)th coordinate system. The local coordinates of the 
end-effector are defined as pn = [0; 0; 0]T. When the 
desired end-effector velocity V e f is given, the joint 
angular velocity can be calculated. 
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Fig. 2: Angular velocities of the robotic arm. 
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Fig. 3: Angular accelerations of the robotic arm. 
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III. CONCLUSION 

In the proposed robotic arm trajectory optimization, 
various design aspects have been considered, like 
operation-time minimization, robot rotation minimization, 
energy consumption minimization and combined 
optimization. Because the inverse kinematics task for a 
robot with many degrees of freedom is a complex 
problem, the genetic algorithm approach in combination 
with the robot simulation has been proposed. The results 
obtained have shown that such a design is able to provide 
very good results and it can achieve significant time 
savings, energy and wear and tear on the equipment. A 
review of the optimization techniques for the trajectory 
selection of robot is introduced. Kinematics approaches 
give interesting results but when comes to reality inertia 
and torque constraints make it difficult to implement. 
Dynamical approaches prove to be more realistic in terms 
of incorporating torque constraints and joints physical 
limits. Sometimes non-linearities and un-modeled 
dynamics are still problems in fulfilling the full dynamics 
model specially for flexible manipulators. It looks like the 
genetic algorithms are going to have more applications 
for the coming years. However, a GA may sometimes 
have difficulties to converge in an optimum solution. 

REFERENCES 

[1] J. J. Craig, Introduction to Robotics Mechanics and 
Control , Addison- Wesley, Reading, MA, USA, 
1986 

[2] J.Q. Gan, E. Oyama, E,M. Rosales, and H. Hu. “A 
Complete Analytical Solution to the Inverse 
Kinematics of the Pioneer 2 Robotic Arm”. J. of 
Robotica. To be Published (2004). 

[3] Dong Kyoung Chwa, Jungo Kang, Kihong Im, Jin 
Young Choi, " Robot Arm Trajectory Planning 
Using Missile Guidance Algorithm,", SICE Annual 
Conference, vol. 2, pp. 2056-2061, August 4-6, 
2003. 

[4] Devendra P. Grag, & Manish Kumar, "Optimization 
Techniques Applied To Multiple Manipulators for 
Path Planning and Torque Minimization", 
Engineering Applications of Artificial Intelligence, 
Volume 15, Number 3, June 2002 , pp. 241-252(12). 

[5] E.J. Solteiro Pires & J.A. Tenreiro Machado, " A Ga 
Perspective Of The Energy Requirement For 
Manipulators Maneuvering In A Workspace With 
Obstacles", Cec 2000- Congress On Evolutionary 
Computation , pp. 1110- 1116, 16-19 July 2000, 
Santiago, California, USA. 

[6] E.J. Solteiro Pires, Tenreiro Machado JA & De 
Moura Oliveira CR, "An Evolutionary Approach to 
Robot Structure and Trajectory Optimization", 10th 
IEEE-International Conference on Advanced 


Robotics, ICAR'01, pp. 333-338, 22-25 August, 

2001, Budapest, Bulgaria. 

[7] S.G. Yue, D. Henrich, X. L. Xu, & S.K. Toss, 
"Point-to-Point Trajectory Planning of Flexible 
Redundant Robot Manipulators Using Genetic 
Algorithms", Journal of Robotica, vol 20, pp 269- 
280, 2002. 

[8] E.J. Solteriro Pires, J.A. Tenreiro Machudo & P.B. 
Moura Oliveira, "Fractional Order Dynamic In A 
Genetic Algorithm", The 11th International 
Conference On Advanced Robotics, Colombia, 
Portugal, pp. 264 -269 June 30- July 3, 2003. 

[9] D. E. Goldberg, "Genetic Algorithm in Search, 
Optimization, and Machine Learning," Addison- 
Wiley, 1989. 

[10] Craig, J.J “Introduction to Robotics: Mechanics and 
Control”, Addison- Wesley, 1989. 

[11] Dv Xin, Cher Hua -Hua, Gv Wei - Kang, "Neural 
Network And Genetic Algorithm Based Global Path 
Planning In A Static Environment", Journal Of 
Zhejiang University Science, Vol. 6A No. 6, 2005, 
549- 554. 

[12] Schilling J., "Fundamentals of Robotics Analysis 
and Control," Prentice Hall, 1990. 

[13] Hartmut Pohlheim, "Geatbx Tutorial Genetic and 
Evolutionary Algorithm Toolbox for Use with 
Matlab," Version 3.5a, July 2004. Available at 
www. Geatbx. Com/ 

[14] Fu, K.S., Gonzalez, R.C., and Lee, C.S.G “Robotics: 
Control, Sensing, Vision and Intelligence”, McGraw 
Hill, 1987. 

[15] Asada and Slotine, "Robot Analysis and Control," 
John Wiley &Sons, Inc., 1976. 

[16] Lung-Wen T. "Robot Analysis, the Mechanism of 
Serial and Parallel Manipulators" John Wiley 
&Sons, Inc., 1999. 


www.ijaers.com 


Page | 22 


